MAGNETIC ORDER IN VERY DILUTED Y -Er ALLOYS
Harmonics of the satellites are expected, corresponding to a square wave modulation, such as they were indeed detected for pure Er.
At the time of the pioneering neutzon experiments [I], only powder samples, with concentrations higher than 30 % were explored in the Y -Er system. At lower -concentrations, a critical concentration is expected, below which a type of spin glass order replaces the long range order. On one hand, resistivity measurements suggested that the long range order persists down to 3 at. % Er. On the other hand, the low temperature magnetic properties, below 10 at. % , show after effects, typical of spin glass behaviour. Direct investigations of the magnetic correlations by neutron scattering were clearly needed, in order to decide between long range order and a spin glass type of organization. In addition, detailed magnetization experiments were expected to help understanding the magnetic after effects, unexplained within a simple antiferromagnetic framework.
Neutron scattering experiments were made on four Y single crystals, doped with 3, 2, 1 and 0.5 at. % Er. Since the transition temperatures of the 0.5 and 1 % samples were lower than 1.5 K, the samples were mounted in a dilution cryostat, able to reach 0.05 K.
The main neutron result is that long range order exists down to 0.5 at. % , which corresponds to a mean distance of (0.005)-"~ N 6 interatomic distances between the nearest Er neighbours. This can be explained by the peculiarities of the yttrium Fermi surface, which shows two nearly flat and parallel regions, separated by the same wave vector as is observed in the ordering of the magnetic alloys: in this situation, close to the one dimensional case, the response function of the electron gas shows a sharp peak around the so called nesting vector [2] . This long range character of the magnetic interactions has been spectacularly confirmed by recent studies of synthetic superlattices of yttrium and rare earths [3] . The positions of the magnetic satellites were carefully measured and the wave vectors of the antiferromagnetic modulation are shown in table I, in units of 2x1 c : the common value is 0.27 f 0.01, independent of both the concentration and the temperature. It is significantly different from the nearest simple commensurate value, i.e. 217 = 0.285 : this is a further indication of the important role played by the matrix. We studied the background around the places where the third harmonics of the satellites should occur: their intensity is less than 5 % of the 
In the vicinity of TN, 1 / a(T) is linear in temperature ( 7 s~ = 1) and extrapolates through zero at TN = 3.25 K f 0.02 K, in agreement with the transition observed by neutrons. This behaviour postulates a coupling between the staggered magnetization and an uniform magnetic field, acting as a random field on a ferromagnet. It has indeed been shown that a diluted antiferromagnet is expected to behave like a "Mattis" spin glass [4] . In this case, the critical exponents for the antiferromagnetic order can be related to these obtained by non linear magnetization: we find:
and :
These values are compatible with the neutron determination PAF -0.5 and with:
i.e. a cusp of the specific heat as is observed [5] . We have no independent check of YAF, whose value is nearly twice the mean field value y = 1. Such high values of 7 were reported for diluted ferromagnets. The merit of the description we have given of the Y-Er system is to reconcile the long range order aspects -
